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Nomenclatura Jeturilor Solare
e et
(a)

la. Morfologia jeturilor recurente din regiuni active

Moore et. al, 2010

Blowout / (micro) Filament eruption
a

b

Sterling et. al. 2015
.

AN @ 2N 2N
CANFIELD ET AL.1996
Stage I T Ha Stage I
SXR . L. .
e Jeturi Polare vs. regiuni active (AR).
N e Jeturi Standard si Blowout.
North South

o e o 10

e Jeturi recurente si similare (homologous).
e Eruptii de (micro)filamente?
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la. Morfologia jeturilor recurente din regiuni active
upra-termale Gey

icniri radio de tip 11

nale

Jeturi din periferia AR11302

SDO AIAT71A SDO AIA1600A

Solar Y (arcsec)

SDO HMI-SHARP Bz
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850 200 750 700
S00/AA AA3 SDO/ISOC-SOP 171 25-Sep-2011 01:21:36.380 UT

Solar X (arcsec)

550 600 650 700

10 jeturi au fost asociate unui sit unic, denu-
mit Geyser Coronal, care se manifesta in
penumbra regiunii active.
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la. Morfologia jeturilor recurente din regiuni active
| Geyseri Coronali
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Analiza cu pseudo-fanta

J5 SDO-AIA 171

X (arcsecs)
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la. Morfologia jeturilor recurente din regiuni active

Ib. Proprietati termale si supra-termale ale Geyserelor
Ic. Geyseri coronali si izbucniri radio de tip Il

Id. Manifestari magnetice ale jeturilor coronale
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Ib. Proprietati termale si supra-termale ale Geyserelor

Ib. Proprietati termale si supra-termale ale jeturilor si ale Geyserelor
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Y (arcsec)

Normalized Intensity

la. Morfologia jeturilor recurente din regiuni active

Ib. Proprietati termale i supra-termale ale Geyserelor
Ic. Geyseri coronali si izbucniri radio de tip Il

Id. Manifestari magnetice ale jeturilor coronale
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| Geyseri Coronali Ib. Proprietati termale i supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal

Méasura emisiei diferentiale a plasmei:

Iy = Fu(Te) - [ M3 dl = Fu(Te) - [ DEM(Te) dTe [DN - s~ - pixel™"]

o Ratii de intensitate ale filtrelor:
(hoop — leor)sin = Frin(Te) - 1 - (ng_/gop + 2 Ne—to0p * Me—cor)
(hoop — lcor)sie = Frie(Te) - 1 - (ni_/oop + 2 Ne—fo0p * Ne—cor)
(Mariska & Withbroe, 1978; for jets: Pucci et.al, 2013; Paraschiv et. al, 2015, etc.)

° Inversu cu mlnlmlzare Chl

M — min where :
af

file[1,6]
log(Te)€[5.7,7.35]

(Aschwanden, 2013; A2013)
2
2 = Un=Fu-DEMTe)" 1 \(L - (DEM(T.) — DEMy(Te)))? — min
! (Hannah & Kontar, 2012; H2012)

e Inversii cu matrici sparse:
P n Djx; < yi + oi
yi=Dyx Y x— min where: Dyx; >y~ o
j=11 x>0

(Cheung et. al, 2015; C2015)
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| Geyseri Coronali Ib. Proprietati termale i supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal
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¢ Analiza noastra a aratat ca incertitudinile nu sunt neglijabile cand
discutam despre material eruptiv.

e Determinarile sunt constranse atunci cand x? < 4. Noi am atins o astfel
de metrica doar zone de calm si/sau gauri coronale.

o Inversiile de tip x? s-au dovedit a nu fi foarte credibile in cazul
observatiilor noastre.

o Exista diferente semnificative intre rezultatele obtinute cu C2015 fata de

H2012.
e Cunoaste-ti datele!
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| Geyseri Coronali . Proprietati termale si supra-termale ale Geyserelor
Il Inversii de camp magnetic coronal
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| Geyseri Coronali Ib. Proprietati termale i supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

Ib. Proprietati termale si supra-termale ale Geyserelor

5x10 fi ?g%%?ﬁé%%%i%%iﬁ Ha012 % 5x10 - gée'g;r’i}r“ggEEm%::SD%:‘%:s‘%&12:57‘:0043:03&1‘3:13713:19 ‘ Heot2 ]
_ax10®F 1 ax10®f E
".5 3 3 ]
[y £ o
) E ERE
5 3><102°§ 15 ax10"f
= E =
w £ w
;-} 2><102°§ % ox10™
2 g H
1x10° F 1x10® F
5.6 5.9 6.2 6.5 6.8 71 7.4 5.6 59 6.2 6.5 6.8 71 7.4
Log Te K] Log TE K]
Fkin=%'ne'mH'V3; Fpot =N =My -g-H-v; Fth=.7’_L1'ne'kB'Te'V§
F = Fiin + Fpot + Fin
J2 > Fup=21410° Fpor =1.2310° Fp=4.8210° > F~8 10°
J3 = Fupn=0.6010° Fpor =0.9910° F=53710% - F~7 10°
J6 —  Fup=21310° Fpoy =0.8310° Fp=32810° - F~7 10°
Paraschiv et. al, 2015 —  Fyjp = 0.01 10°  Fpor = 0.01 10°  Fy = 0.07 10° — F ~ 0.1 10%.
Pucciet. al, 2018 —  Fijp = 0.30 10°  Fpor = 0.03 108 Fp = 0.17 10® — F ~ 0.5 10°.
o Pierderile coronale sunt ~ 10" ergcm=2 s~ (Withbroe & Noyes, 1977).
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| Geyseri Coronali Ib. Proprietai termale si supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal

Analiza a emisiei in raze X

180 4 ? 180 _ = 170 T o T, EM [cm’]
= RHEsSh3 28 kev.: — RHESSI 12451 = RHESSIS3sleV. ¢ ! 2%10®
170F 8l 170r 160 1107
. 3x10%
’g 160 160 2 150
g , i 1%x10%
> 150 y 150 - o 140+
3x107
140 2 140 i 130 : 13107
150192 T=(6757.981 1" i I T,=[6.75—7!|;]' \‘ L] Y i L TE=[6.‘75-7-,15] ¥ 3x10%
-850 -825 -800 -775 -750 -850 -825 -800 -775 -750 -775 -750
X (arcsec)
e Reconstructia sursei de raze X cu RHESSI a evidentiat surse de raze x
distincte dure (Hard) si moi(Soft).
e Putem deduce astfel existenta emisiei supra-termale?
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| Geyseri Coronali Ib. Proprietai termale si supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal

Diagrama flux-timp in raze X pentre J2, J3, si J6

J2 HESSI Observing Summary Count Rates
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10 T 10° YA B B B L
Det 1,3,4.¢ 3456,
F ve. FDecih 2.
; 12 ke — B 12keV.
=58y
— 25-50 keV
10} Bl e
g 2 2
g 2 2
3 8 83
s 1 2 10T b
& 4 4
5 5 5
3 3 3
8 S S
107 - 10}
ol 1 o b by b et e b e b e ey 1 1) S S S S A |
01A1  0fd2_ 0143 0f: 0115 0116 01:18 0120 01:22 01:24 1306 1307 1308 13 1310 1311
Start Time (25-Sep-11 01:10:20) Start Time (25-Sep-1101:16:40 Start Time (25-Sep-11 13:05:20)




| Geyseri Coronali Ib. Proprietati termale i supra-termale ale Geyserelor

Il Inversii de camp magnetic coronal

Analiza spectrala in raze X pentru J2, J3, si J6
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e Emisie supratermala este prezenta, cel mai probabil fascicule de electroni
de energie nalta ce bombardeaza straturile inferioare ale atmosferei solare.
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Ib. Proprietati termale si supra-termale ale Geyserelor

Modelul de emisie termala cu functie de putere (power law distribution):

J2 —RHESSI ne = 0.0410"" ¢m™2 < EUV n, = 0.0210"" cm™2

J3 —RHESSI ne = 0.0410"" ¢cm™2 < EUV n, = 0.0510" e¢m™®  both measurements at logT, = 7.35
J6 —RHESSI ne = 0.0610"" ¢cm™3 «» EUV ne = 0.06 10" cm™3

e Energiile termale totale disipate E;, sunt in ordinul a:
-J2=2.510% erg, J3=3.410% erg, and J6=3.9 10%" erg.
-Statistici de microflares RHESSI: Ey, ~ 102 — 10%° erg (Hannah et. al, 2008).
-Observatii de microflares NUSTARR: Ey, = 9 10?7 erg (Wright et. al, 2017).

e Geyserul este energetic compatibil cu microflares impulsive.
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jeturilor recurente din regiuni

termale si supra-termale ale Geyserelor

icniri radio de tip 11

ale jeturilor coronale

Modelul emisiei supra-termale (Thick-target Bremsstrahlung):
J2 = 5§~ 750 E.~15.3KeV F,=0.07 — Py=21010% ergs™'.

J3— 6~6.27 E; ~13.7KeV F,=0.16

— Py=4.3210% ergs™".
J6 — 5~ 717 E.~11.0KeV F, =165 — Py=23.4610% ergs™'.
Hannahet. al, 2008 - 6 ~4—10 E,~9—16KeV — Py ~10%® —10%® ergs™'.
Inglis et al. 2014 — E; ~ 9 — 14KeV — Py ~10® —10% ergs™'.
Wright et. al, 2017 — & > 7 E. = 7KeV —  Py~10%® —10%® ergs™'.
Testa et. al, 2014 — E. = 10KeV = Py~10* ergs™.

e Modelele thick-target fiteaza datele numai in timpul maximului eruptiei.
e Observatiile noastre nu pot discerne daca evaporarea cromosferica este pro-
cesul dominant ce duce la termalizare.

e Geyserul apare a fi compatibil si cu componenta supra-termala a emisiei unui
microflare.
Detalii in Paraschiv, Donea, & Judge 2021 (in prep. valabil la cerere)
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Ic. Geyseri coronali si izbucniri radio de tip 1l

Ic. Geyseri Coronali si izbucniri radio de tip Ill
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Identificare de izbucniri radio de tip lll .
Radio Dynamic Spectra 2011-09-25 =
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lc. Geyseri coronali si izbucniri radio de tip Il

No. Type-IIl Radio Bursts Correlated (1.)
Geyser Dataset Jets 5 > Events SNR Study Reference
GT ART1302 o 5B 0T/T0 SA OO 9/10 > 30 Gur work
25.09.2011T00:00-23:59 W: 5(+1)/7 : 20 < 1/10 < 30 | Paraschiv & Donea 2019
GZARTT514 7 - - 5/7 > 30 -
30.06.2012T17:00-01:00 | site C W: 67 §-B1S-A: 07 20 < 1)7 < 30 Sterling et. al, 2016
G3 ARTI513 W 316 -
02.07.2012T17:00-03:00 6 S-A: 3/6 S-B:06 4/6 > 80 Chen et. al, 2015
G4 ART1931 - e 2/70 > 30
25.129013125000500 | 1012 | W:sG2yt0 sBesacono |, 210207 Huet. al, 2016
G5 ART2192 - 5/8 > 30
22.10.2014T02:00-00:00 8 W:8(+1)/8 x 20 < 2/8 < 30 Panesar et. al, 2016
G6 AR12301 - 5/9 > 30 -
09.07.2015705:00-12:00 | M W:6(+1)9 X 20 < 2/9 < 30 Liuet. al, 2016

e Am realizat o asociere corelativa intre jeturi si izbucniri (pozitiva si negativa)
folosind seturi de date din literatura.

¢ 50 de jeturi au fost analizate. 41 jeturi (35+ 6 eruptii incerte) sunt asociate si
corelate cu izbucniri de tip IlI.

e Rata medie de drift pentru izbucniri intre 16MHz—3MHz: At =78 £ 60 s.

o Este asta tot ce se poate realiza?

«0O)>» «F»r < > < > o>
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| Geyseri Coronali

Il Inversii de camp magnetic coronal Ic. Geyseri coronali si izbucniri radio de tip 1l

Diferenta de timp intre SDO AIA-171A si canalul radio de 3MHz al SWAVES
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

lc. Geyseri coronali si izbucniri radio de tip Il
Modelare analitica a timpului de parcurgere.

Urmarim Mann et. al, 1999
Ecuatia de continuitate:

% 1 V.pv=0 =r2.n(r)-v(r)=C
Ecuatia de moment cinetic:
p-[Gr+v V] =-Vp+UxB=-Vp+ LBx(VxB)+G

Legea lui Faraday:

P - _VXE=Vx(vxB)
2 2
— Spiralele de vant solar ale lui Parker: % - In(%) = 4ln(é) +4.2-3

A H7®71
Presupunand v < v, obtinem o formuld barometrica a densitatii: ne(r) = ns - e =0

Frecventa armonica de oscilatie pentru izbucniri de tip 1ll se relationeaza de densitate prin:
e2-n,
Vpe = ﬂ»m:

A_Bo_,
- vpe(r) = vs - %P6 (7 7V

«0O0>» «Fr» «=)» «

> DAy
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| Geyseri Coronali

Il Inversii de camp magnetic coronal Ic. Geyseri coronali si izbucniri radio de tip 1l
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e Un fascicul de electroni semi relativistic v/c = 0.16 £+ 0.06
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| Geyseri Coronali

Il Inversii de camp magnetic coronal Ic. Geyseri coronali si izbucniri radio de tip 1l
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Ic. Geyseri coronali si izbucniri radio de tip 1l

pward Electron B¢

am
jio Burst
\nterp\anemry Type-m Radio

implified.
Recannect'\on (S|mp\\ﬁe )

ms
pownward Electron bea
[Do?
|

- ,iqﬂg‘:’&i

TR0
o Acest tip de modelare se poate folosi pentru a determina sursele noilor fenome-
ne switch-back descoperite in-situ de PSP.

Detalii in Paraschiv & Donea, 2019, ApJ.
A. R. Paraschiv
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Id. Manifestari magnetice ale jeturilor coronale

Id. Manifestari magnetice ale jeturilor coronale
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

Id. Manifestari magnetice ale jeturilor coronale

Prepararea magnetogramelor vectoriale

2500 [ T T
t 0,=39
[ gg=41
2000 r b
1500 F - ’g
g | s
g | g
1000 j b
500 :* A
ol L L L L 790 -785 -780 775 770 -765
0 50 100 150 200 250 X (arcsecs)
Culsgn iSRG B,
e Magnetograme LOS sunt nepotrivite pentru o
astfel de analiza.
o De-proiectie sferica (Gary and Hagyard, 1990).
e Dizambiguare a polaritatii (Leka et. al, 2009).

>
~ “B.,
B — Reconstructed Field

5 — Jrosprojectve Analiza si cuantificarea magnetogramelor sunt
b Jreeroecvengenial - aS@Menea deschiderii unei cutii cu viermi.
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Id. Manifestari magnetice ale jeturilor coronale

Y (arcsec)

x (arcsecs)

e Mlastina penumbrala. e Pori

e Regiuni de strapungere a fluxului (flux-emergence). e Inteffa’,[é de inversie a polaritatii (PIL).
o Fluxuri magnetice miscatoare (MMFs). e Campuri de bolta (canopy fields).
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* Corolar: A nu se folosi magnetograme
“ LOS la mai mult de +100-150" fata de

-900 i i
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Id. Manifestari magnetice ale jeturilor coronale

e Structuri torsionate la Tnaltimi joase exista in extrapolari liniare libere de forta.
e Extrapolarile nu reprezinta realitatea fizica atunci cand discutam magnetismul solar.

A. R. Paraschiv



la. Morfologia jeturilor recurente din regiuni acti

e ale Geyserelor

lc. Geyseri coronali si izbucniri radio de tip Il
Id. Manifestari magnetice ale jeturilor coronale

T .
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-785 -780 -775 -770 -765 -760 -785 -780 -775 -770 -765 -760 -785 -780 -775 -770 -765 -760 -785 -780 -775 -770 -765 -760
Solar X at 01:00UT [Arcsec]
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e Un mecanism de tip stocare—>eliberare a energiei s-a dovedit neconcluziv in

cazul nostru din cauza incertitudinii din derivarea campurilor verticale.
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| Geyseri Coronali
Il Inversii de camp magnetic coronal

Declansarea fotosferica a jeturilor

Id. Manifestari magnetice ale jeturilor coronale
-790

-765 740 -790 -765 -740 -790 -765 740 -790 -765 -740
900
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o S & T
s o =
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Sk el 0 f s00
140 gl g ofi2 | 2 i, -900
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Solar X (arcsec)

e Jeturile individuale sunt corelate cu fluxuri magnetice unice si distincte!

A. R. Paraschiv

«0O)>» «F»r «

i
v




| Geyseri Coronali

Il Inversii de camp magnetic coronal
Id. Manifestari magnetice ale jeturilor coronale

170
g
kA 165
2
g 8
3 160 >
3
5
155
150
00:00  00:24  00:48  01:12  01:36  02:00 02:24  02:48 790 785 -780 775 770 765
Time X (arcsecs)
e Ambele scenarii propuse de literatura pentru declansaarea jeturilor au fost
observate actionand concomitent pentru a genera setul nostru de eruptii.
Detalii in Paraschiv, Leka & Donea, 2020, ApJ.
«O0>» «Fr «=)r» «E>» = o>
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la. Morfologia jeturilor recurente din regiuni active
Ib. Proprietati termale si supra-termale ale Geyserelor

Ic. Geyseri coronali si izbucniri radio de tip Il
Id. Manifestari magnetice ale jeturilor coronale

J1 J2 J3 J4 J5 J6 J7 J8 J9 J10
EUV time [HH:MM] 00:49 01:13 01:19 02:11 03:52 13:04 17:06 21:19 22:24 22:55
HMI time [HH:MM] 00:48 01:12-01:24 02:00-02:12 03:48 13:00 17:00 21:12 22:24-22:48
Flux emergence X X X u X X
Flux cancellation X X X u
By strength [G] 361475 337; fﬁs 535479 _32‘:3;73% 333460 161458 g‘;iji%% _‘;%%i%%
MMF speed [km/s] 0.4 0.6 0.5 0.5

e Din cauza cadentei de date nu am putut evalua daca
strapungerile de flux au fost cauza sau efectul jeturilor.

e 3 (+1 incert) evenimente au fost asociate cu fenomenul de anulare de flux.
e 4 (+1 incert) evenimente au fost asociate cu strapungerile de flux.

Geyseri Coronali: mici situri din penumbra regiunilor active ce persista pentru
multiple zile, au o conexiune cu coroana si sunt generatoare prolifice de jeturi
solare. Stabilim ca geyserele sunt surse de particule supra-termale, izbucni-
ri radio, si calculam ca din punct de vedere energetic acestea sunt surse de
microflares impulsive, pot contine structuri filamentare, si pot conserva heli-
citatea solara. Jeturile din geysere pot fi declansate prin multiple scenarii de
eruptie, notabile fiind anularea si strapungerea de flux magnetic.

=] F = = DA



| Geyseri Coronali
Il Inversii de camp magnetic coronal

Q Il Inversii de camp magnetic coronal
@ Baze conceptuale si motivatie

@ Spectroscopie si cuantificarea zgomotului
@ Schema de inversie

o Degenerari, Degenerari, Degenerari, Degenerari

«0O)>» «F»r « > < > o>
A. R. Paraschiv



Baze conceptuale si motivatie

| Geyseri Coronali
Il Inversii de camp magnetic coronal

o Alinierea atomica este data de anizotropia cAmpului incident de radiatie.
e Un camp magnetic altereaza alinierea atomica.
o Efectul Zeeman intr-o aproximatie de camp puternic.

o Directiile sunt:
X - De-a lungul directiei de vizare. (nu va fi reprezentata in majoritatea proiectiilor 2D)
Y - Orizontal; Directia E-V
Z - Vertical; Directia N-S

adaptat din: Casini & Judge 1999, ApJ
Judge, Cassini, & Paraschiv, 2021, ApJ

«0>» «F>r «=)» « > E Vo
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Baze conceptuale si motivatie

Spectroscopie si cuantificarea zgomotului
Schema de inversie

Aplicatii ale inversiilor coronale

Degenerari, Degenerari, Degenerari, Degenerari...

o Natura undelor si propagarea undelor in coroana.
e Turbulenta si accelerarea vantului solar lent in coroana joasa.

e Diagnostic pentru structuri deasupra limbului. Exista bucle magnetice?
e CMEs, Studiul structurilor pre si post eruptive.

o Studii teoretice asupra polarizarii liniilor coronale.

[ o o vy
wm ' I !
w-rh PRt a-raa)

DA

Data courtesy of T. Schad; M. Rempel; and P. Judge.



Baze conceptuale si motivatie

Spectroscopie si cuantificarea zgomotului
Schema de inversie

Degenerari, Degenerari, Degenerari, Degenerari...

Top

End Optical Assembly
With M2 & HeatStop

Optics SupportStructure

M1 Assombly
Nasmyth Patform

Telescope Mount

Priow (Ut Elvator)




Baze conceptuale si motivatie

Spectroscopie ntificarea zgomotului

Schema de inv

Degenerari, Degenerari, Degenerari, Degenerari...




| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Surse de incertitudine

Emission

ne
Source Stokes pector

si= Ei+ 1§+ EL‘ (optically thin)
Where: E ~ 10 %'ﬂ-' 1000 E,
K,F,=0;K,F <<E,

Si = Si + Sc;fu{. Sc®  (noeztinetion)

T
bright, highly time variable
Telescope

S=MyS; + T
Analyzer

Adapted Seagraves & Elmore, 1994, SPIE
Detector «O>» < Fr «=r» «E>» = DA
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| Geyseri Coronali
Il Inversii de camp magnetic coronal

Spectroscopie si cuantificarea zgomotului

Norparametric CDF ftof CLE ouput
e

Spectroscople in infrarosu la 1000-5000 nm

[ R R KRR R R ETETE RO
Measured Stokes Q sgna

eoter > 107451
Comter > 10745 80A

10§00 1074400 10US00  10W600 107700 10MB00 107900 1075000 WU 107400 0TS0 107600 10700 107600 1074900 1075000
Wasclengn (3] Waetengh (4
107 T
Measured Sckes U signal
- Pire Stakes 0 n

08—

c

Sukes .

~ N

wHs00 1074600

107300

0100
w4300 107400

w200 10us00 1074900

1075000
Warelengih (3]

w00 107600 wue00 1075000

w00 o7,
Wavelongih (3]

° Ioni: .Fe X1111074.7nm, 1079.8nm, Si X 1430.1nm, Si IX 3934.3nm.

e Emisia probabil nu va fi constransa corect prin fitare cu Gausiene
e Stokes V nu este de regula recuperabil.

«O>» «Fr «E» «E>»
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cor. Line  Wave. 1D cal. Line  Wave.  Rel. T Comment
03 sil 1072.74nm 044 Very Strong line; too close to slit margin
¢ c1 1072.95nm 060  Strong absorption line
oz [ 1074.07n0m 091 very weak line. No candidate in NIST.
A 7l 1074.35nm 068  Strong absorption. Not in NIST
FeXII  10747am X1  Fel 107446nm 082 weak line
- - - unusable due to blend with cor. Fe XTIT line
X2 Sil 1074.94um 038 strong line
- - - unusable due to blend with cor. Fe XIIT line
B Fel 1075.30um 075 Not very prominent but might be usable
o1 cI 1075.40um 085 weak line; possible blend issue
A Fell  1078.30mm  0.60  Strong absorption linc
B Sil 107845nm 063 Strong absorption line
¢ sl 1078.68um 039 Very strong line
X1 1079.6lum 089 weak line. Not in NIST
Fe XUl 10798um 7 - - unusable due to blend with cor, Fe XIIT line
X2 [ 1079.95um 041  strong line. Not in NIST
- - - unusable due to blend with cor. Fe XIII line
Ol Felll”  1080.36nm  0.88  Weak line;(Hard to identify, possibly Fe I1)
02 Nel  1080.63mm 091  very weak line
p2 [ 1081.08nm 056 Strong absorption 2-line sef; Not in NIST
DI Mgl  1081.11nm 043  Strong absorption 2-line sef; treat as pair
03 Fel 1081.83nm 077 strong-ish line; close to st end
A Fel T4275nm  0.21  Separable line in fough range; needs specialized fitting proce
Si X 1430.lnm Bl Fel?]  142003nm 047  Pair of close lines, it together
B2 Till?l  142005um 057  NIST determinations uncertain:Needs custom fitting.
X1 Fel  141430.30nm ot usable due to overlap
[ 3026.02tm  0.71  not m NIST; conple with N,0 band.
€2 N0 39262nm  0.06  Molecular absorption for C1
X3 [ 3028.66nm  0.67  Not usable due to proximity to molecular band
) . A N20 3920.25nm 0.08  Molecular absorption band:
StIx 39343um -, 7] 3931.17nm  0.90  Very weak; not in NIST or BASS2000
X1 N;O  393383um 0.3  absorption band; not usable due to overlap
X2 N;0  3935.38um 0.5  absorption band; not usable due to overlap
B N;O  303850mm  0.22  Molecular absorption band
o2 [ 3040.80mm  0.84  weak line. not in NIST
D1 [ 304147um 069 not in NIST; couple with N2O band.
D2 N0 3941.66nm 029 Molecular absorption for D1

in prep.
Do

Ali & Paraschiy, 2021
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Integration time: 1 seconds

Integrated V (pure):3.41e+07 and V(obs) 3.02e+08
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Integration time: 5 seconds
Integrated V (pure):3.41e+07 and V(obs) 9.64e+07
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Integration time: 15 seconds
Integrated V (pure):3.41e+07 and V(obs) 6.61e+07
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Integration time: 30 seconds

Integrated V (pure):3.41e+07 and V(obs) 4.99e+07

2e+08 1

2e+08 1

le+08 1

5e+07 1

0e+00

10745 10746 10747 10748
U

0e+00

Brightness [W/m2/m/sr]

-5e+05 1

-le+06 1

-2e+06 1

-2e+06 1

v

10745 10746 10747 10748

WWa
A. R. Paraschiv

2e+07

2e+07

1le+07 1

5e+06 1

0e+00 {

10745 10746 10747 10748

2e+05 {
le+05 1
0e+00 {
-1le+05
-2e+05 1

-3e+05 1

10745 10746 10747 10748

DA



| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului
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Integration time: 60 seconds

Integrated V (pure):3.41e+07 and V(obs) 4.44e+07
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului
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Integration time: 120 seconds

Spectroscopie si cuantificarea zgomotului

Integrated V (pure):3.41e+07 and V(obs) 3.73e+07
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| Geyseri Coronali Spectroscopie si cuantificarea zgomotului

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Integration time: 180 seconds
Integrated V (pure):3.41e+07 and V(obs) 3.47e+07
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

Cuantificarea zgomotului

Brightness [W/m2/m/sr]

Integration time: 300 seconds
Integrated V (pure):3.41e+07 and V(obs) 3.31e+07
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Spectroscopie si cuantificarea zgomotului
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gomotului

Degenerari, Degenerz generari, Degenerari

Geometrie, simetrii, degenerari

Q

13

Plane of the sky x =0

Ecliptic plane z =0

o
<
x
<+ to observer
<

e Solutiile de aliniament atomic o3 depind doar de distanta fata de limb.
« Conditiile din punctele Q si P sunt echivalente in termeni de 3.

e Deci profilele Stokes IQUV la Q pot fi rotite catre P. Dupa ce cautam
solutia in baza de date, observatia poate fi de-rotita cu —a.

Vezi Casini & Judge (1999), ApJ, si Judge, Casini, & Paraschiv (2021), ApJ.
o> <& = = Dae



tuale si mof
li
Schema de inversie

Degenerari, Degenerari, Degenerari, Degenerari...

O baza de date de calcule atomice pentru polarizare

e O baza de date pentru profile Stokes IQUV este calculata folosind CLE-DB pentru
toate punctele r = (x, y, z)7 in lungul directiei radiale(y).

e In teorie ar trebui rezolvat un spatiu de parametri constand in:
X,¥,2, Te, ne, A, B, 0, xB, Vx, VT-

e Putem reduce calculele la doar:

X, Ne, 0 (vVia ¥ & ¢).

e Configuratie CLE-DB: Numarul total de calcule pentru 81 de pozitii radiale y
Ng = Nx - Npg - Ny - Ny = 7.9 x 108

quantity

number range
ne (electron density in cm—3) npe = 10 [200.0 100 50.0 15.0 5.0 2.5 1.0 0.5 0.1 0.01]ng(r)
y-axis (radial, units R)) n, = 81 1.0 — 1.256
x-axis (LOS, units Rg)) ny = 60 —1.5 — 1.5
¢ (azimuth in z = 0 plane) n, = 180 0 — 27
9 (polar angle from +ve z—axis) ng = 90 00— =

CLE si CLE-DB sunt singurele coduri disponibile pentru transfer radiativ si sinteza spectrala pentru linii
spectrale de emisie de tip dipol magnetic M1. Versiunea curenta se poate obtine la cerere contactdndu-ma.
o = = E T 9Dac
-



Algoritmul inversiei

Baze conceptuale si motivatie

Spectroscopie si cuantificarea zg
Schema de inversie

Observe

zgomotului

Degenerari, Degenerari, Degenerari, Degenerdri...
Spectroscopy,

Stokes data process 1QUV, Rotate Q and

IQUV at a Integrate and

y position fit components

the LOS
Select the

corresponding
database for a

given height y.
Find accepta-
ble b vectors

Rotate b by -«
from matches around LOS
in database

Scale B with

V and return

degenerate
B(x,y,2).

DA
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nceptuale i motivatie
zgomotului
Schema de inversie

Degenerari, Degenerari, Degenerari, Degenerari...

Produse pentru comunitatea DKIST

1. Calibrari si spectroscopie:

Stokes IQUYV calibrate in intensitate absoluta si Doppler.
Dispersia totala a liniei.

Dispersia supra-termala a liniei.

Gradul de polarizare totala.
L_ V@t
=

Gradul de polarizare liniara. ;

2. Determinari de camp magnetic:
A. Observatii cu o linie.— Campul magnetic LOS (Integrat de-a lungul liniei de vizare)
Campul magnetic LOS: B, ps = |B| cos(©5g) (Determinat analitic, vezi Plowman 2014, ApJ)

. . ) 1
Unghiul de azimut magnetic: x5 = 3 tan™!

Q

B. Observatii cu 2 linii — Campuri magnetice vectoriale 3D (in plus fata de punctul A).
Puterea campului magnetic |B|.

Unghiul magnetic LOS (©5)

Pozitia in spatiu 3D a structurii dominante.

Densitatea locala a plasmei (ne)

e Directia lui B provine din fitul cu baza de date prin ¢, ¥. cos 65 = sin ¥ cos ¢.

o Puterea campului magnetic B = |B| provine din ratia dintre V;}, ./ V7, unde |Bj,| =1 G.
e |B| impreuna cu 0 and x pot fi transformati apoi intr-o forma carteziana, e.g. Bx, By, Bz.

=] F = = DA



| Geyseri Coronali

Il Inversii de camp magnetic coronal
Degeneréri, Degenerari, Degeneréri, Degenerari

0]

B,

observatie complexa simulata
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| Geyseri Coronali

Il Inversii de camp magnetic coronal

Degeneréri, Degenerari, Degeneréri, Degenerari

Sinteza spectrala

Normalized Stokesrl1 o Normalized Stokes V 0100 Normalized Stokes Q Normalized Stokes U

1.00 1.00 1.00 1.00
00075 0.04 0.04
0.75 075 075
08
0.50 00050 450 0.02 0.50 0.02
A
0.25 J /Dl 06 0.0025 925 0.25
< 000 W <€ 0.0000  0.00 v 0.00 0.00 0.00
N - :
-0.25 B CS 0.4 -0.25 —0.0025 —0.25 -0.25
2
-0.50 -0.50 _0.00s0 050 002 550 002
02
-0.75 -075 -0.75 -0.75
-0.0073 -0.04 -0.04
-1.00 -1.00 -1.00 -1.00

Loo
(y.2) = (l 04001)Ro
Normalized Stokes | Normalized Stokes V Normalized Stokes Q Normalized Stokes U
10 0.0000 0.0006
0.06
0.0004
08 0.04 ~0.0005
0.0002
z 0.02
2 - ~0.0010
2
§06
£ 0.0000
3 0.00
204 —0.0015 -0.0002
2 o.
5 -0.02
~0.0020 ~0.0004
0.2 ~0.04
~0.0006
-0.0025
-0.06
00 ~0.0008
10744 10746 10748 10750 10744 10746 10748 10750 10744 10746 10748 10750 10744 10746 10748 10750

Wavelength [A]
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| Geyseri Coronali
Il Inversii de camp magnetic coronal

Degeneréri, Degenerari, Degenerari, Degenerdri...

0 4 chi2 Ne y x phi theta 18] POS AZ  LOS THETA

0 4341719  +1.16e-01  +7.82  +1.21  -0.10  +2.00  +58.00  +1.00 +82.48 +114.40

© 4422571 +1.16e-01  +7.82  +1.21  +0.10 +358.00 +122.00  +1.00 -175.36  +60.41

0 4438919  +1.16e-01  +7.78  +1.21  +0.20  +2.00  +58.00  +1.00 +82.48 +114.40

© 4325371 +1.16e-01  +7.78  +1.21  -0.20 +358.00 +122.00  +1.00 -175.36  +60.41

0 4422719 +1.16e-01  +7.81  +1.21  +0.15  +2.00  +58.00  +1.00 +82.48 +114.40
©10s = 91 © 4341571 +1.16e-01  +7.81 +1.21 -0.15  +358.00 +122.00  +1.00 -175.36  +60.41

0 c chi2 Ne y x phi theta 18] POS AZ  LOS THETA

0 5540520 +1.16e-01  +7.45  +1.08 +0.60  +2.00  +60.00  +1.00 -163.77  +82.71

@ 5167770 +1.16e-01  +7.45  +1.08 -0.60  +358.00 +120.00  +1.00  -5.75  +54.91

@ 5216370 +1.16e-01  +7.66  +1.08 -0.45 +358.00 +120.00  +1.00  -5.75  +54.91

0 5491920 +1.16e-01  +7.66  +1.08  +0.45  +2.00  +60.80  +1.00 -163.77  +82.71

0 5508120 +1.16e-01  +7.59  +1.08  +0.50  +2.00  +60.60  +1.00 -163.77  +82.71

©105 =59 0 5200170 +1.16e-01  +7.59  +1.08 -0.50  +358.00 +120.00  +1.00  -5.75  +54.91

0 c chi2 Ne y x phi theta 18] POS AZ  LOS THETA

0 5167769 +1.17e-01  +7.56  +1.04 -0.60 +358.00 +118.00  +1.00 +36.22 +166.44

0 5540521 +1.17e-01  +7.56  +1.84  +0.60  +2.00  +62.00  +1.00 -44.94  +72.08

0 5475571 +1.17e-01  +7.92  +1.84  +0.35 +4358.00 +122.00  +1.00 -175.36  +60.41
@LOS e 105 0 5232719  +1.17e-01 +7.92 +1.04 -0.35 +2.00 +58.00 +1.00  +82.48  +114.460

Paraschiv & Judge, 2021, in prep.
«O>» «F»r « = «E>» = Q>

A. R. Paraschi




zgomotului

Degeneréri, Degenerari, Degenerari, Degenerdri...

Degenerarea Dima & Schad, 2019

e Dima & Schad, 2019, ApJ ofera o solutie aparent mai putin complexa la problema
noastra, bazatd pe o determinare pur analitica, unde sunt necesare observatii a 2 linii.
eAcestia au descoperit ca in cazul in care factorii Lande g, a doua linii sunt identici,
atunci nu se poate obtine o solutie ca de exemplu:
FeXII 3P, —3%, A=1.0747u g;=1.5

Unde gy ~ 3 + SEL-HLED - gor g 2 0.
FeXIl 3, —3%P;, A=1.0789u g;=1.5

2J(JH1)
e Autorii au sugerat folosirea:
SiX P9, — 2P$/2, A =1.430p, g, =0.66
e Totodata, solutia lor era ambigua la 90°, iar noi asteptam o ambiguitate la 180°.
e Dupa multiple iteratii, implicand calcule relativiste pentru gy, si rezolvarea de multiple ori
a geometriei, etc. am descoperit ca discutam despre lucruri diferite.
e Am invatat ca:
- Aproximarea LS este pe departe de a fi perfecta.
- Solutia analitica nu are acces la anizotropia atomului, iar © 5 rebuie calculat prin:

2 el1vq
3 Vii2goA2 — Vagy A
- Folosirea liniilor din acelasi ion reduce nevoia de a calcula A. Vo, Sehif ol 2021 i
- ‘ezl, Schiffimann et al. ,inrev.
- GEOMETR'A CONTEAZA| Judge, Cassini, & Paraschiv, 2021, ApJ

=] 5 = = £ DA

sin? O =
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Degeneréri, Degenerari, Degenerari, Degenerdri...

Concluzii si planuri pentru viitor

o Estimarile ale locatiei 3D si ale densitatilor structurilor dominante sunt
importante!

e Putem combina multiple linii din atomi diferiti?

e Putem discerne daca linii diferite emit din regiuni diferite de-a lungul
liniei de vizare?

e Producerea magnetogramelor coronale va necesita o disambiguizare a
polaritatii recuperate prin baza de date.

Observatiile spectroscopice in plasma transparenta sunt asemenea cu a privi
soarele prin ochelari de cal.

«0)>» «F>r «=)» « o™

A. R. Paraschiv
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Va Multumesc!

Contact: arparaschiv@nso.edu

Oameni fara de care astazi nu as fi aici (alfabetic):

Alessandro Bemporad Marilena Mierla

Paul Cally Elena Moise

Doina Calugaru Georgeta Muntean(Maris)
Alina Donea llia Roussev

Diana lonescu Kevin Reardon

Phil Judge Luciano Rodriguez

K.D Leka Mircea Rusu

Daniela Lacatus Dan Seaton

Charlie Lindsey Ovidiu Tesileanu

Ovidiu Vaduvescu
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Suplementar: Functii de raspuns pentru SDO-AIA

CHIANTI v.9 vs v.7 (SSW)

Dere et al., 2019

A. R. Paraschiv
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Y (arcsecs)

Y (arcsecs)

¥ (rcsecs)

IRIS SJI 1400 12:07:36
ry gy

Hiode B_18:09-19:14

5 60 165 170
X farcsoce)

IRIS SJI 2796 12:07:41

Hino Azma 10401

L Bed
150 155 160 165 170

Suplementar: Fascicule supra-termale si nano-eruptii

AIA 1600 12:07:28

(it
0 s w0 16 170

AlA 304 12:07:31 AlA 94 12:07:37
T T

AIA 94 12:15:37

-
145 150 155 160 165 170 175145 150 155 160 165 170 175145 150 155 160 165 170 175145 150 155 160 165 170 175145 150 155 160 165 170 175

Conexiunea dintre precipitarea elec-
tronilor supratermali si mici nano-
flares se considera acceptata ca

si unica. Am aratat ca un astfel de
mecanism nu este in nici un caz
unic.

Vezi Judge et. al, 2017

DA




Suplementar: Nevoie pentru estimarea densitatii

40

¢ A. Diferentele de densitate din struc-  w-os
turi suprapuse vor influenta semnalul -
Stokes.

e B. Metoda standard de determinare a
densitétilor folosind ratia dintre Fe XIlI
1074.7/1079.8 nm este problematica si
nu se poate aplica direct.

Ratia liniilor de Fe Xlll se poate apli-
ca doar intr-un regim determinat de
densitati ce nu acopera complet plaja
de plasma coronala.

Ne ~510% — 2108cm~3.

(Flower & Pineau des Forets, 1973)
Alta calcule similare au setat plaja de
aplicabilitate la

Ne~110% — 110"%cm=3.

30

H K 3:105 Ty PR T )
(Chevalier & Lambert, 1969)
Flower & Pineau des Forets (1973)
=] = = = E DAl
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Suplementar: Cun functioneaza CDF

Fe XII110798.0 4 Wavelength calibration using Si | 1074.944 line

10

08

Normalized Intensity

s

02
ATLAS ADsoprtion

CDF of Atlas:
—— CDF Center position: 1074 933nm
Observed Spectra
——  CDF of Observed Spectra
—— Observation CDF Center: 1074.905nm
—— NIST 5i | Reference position: 1074.94nm
* Doppler Shift: ~0.033nm

07480 107485 1074.90 1074.95 1075.00 075.05 075.10
Wavelength [4]

«Or <Fr < DAy
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Suplementar: Mai multe despre zgomot

Fe XIll 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~106
103 L
102 L
o~
=
jo))
S 10t}
100 L
10—1 L
102 L L L L L L
0.0 0.2 0.4 0.6 0.8 1.0
Database entry le7
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Suplementar: Mai multe despre zgomot

Fe XIll 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~107
103 L
102 L
o~
=
jo))
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0.0 0.2 0.4 0.6 0.8 1.0
Database entry le7
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Suplementar: Mai multe despre zgomot

Fe XIll 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~108
103 L
102 L
o~
=
jo))
S 10t}
100 L
10—1 L
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0.0 0.2 0.4 0.6 0.8 1.0
Database entry le7
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Suplementar: Mai multe despre zgomot

Fe Xl 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~10°
103 L
102 L
<
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100 L
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Database entry le7
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Suplementar: Mai multe despre zgomot

Fe Xlll 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~1010
103 L
102 L
<
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02 L L L L L L
1 0.0 0.2 0.4 0.6 0.8 1.0
Database entry le7
«0)>» «F» «=Z» « =) = A

A. R. Paraschiv



| Geyseri Coronali
Il Inversii de camp magnetic coronal

Suplementar: Mai multe despre zgomot

Fe Xl 1074nm and 1079nm line pair
104t  Mixed LS-jj coupling scheme
Photon counts ~1011
103 L
102 L
~
jo))
S 10t}
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